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THE TREATMENT OF CONGENITAL HYPERTROPHIC STENOSIS 
OF THE PYLORUS BY RAMMSTEDTS OPERATION. 
RY ROBERT A. RAAISAY. LONDON. 
AMONG the recent advances in knowledge of the subject of congenital hypertrophic 
stcnosis of the pylorus the operation of Rammstedt holds an important place, represent- 
ing the latest contribution of surgery to the treatment of the condition. It is proposed 
in this paper to  consider the operation from all aspects, giving first a short account of the 
pathology and general principles of treatment of the condition ; and, after discussing 
briefly other means of dealing with the obstruction, and the indications for surgical 
interference, to describe Rammstedt’s operation in detail, giving an account of the oper- 
ative technique and of the possible causes, prevention, and treatment of post-operative 
complications. 
PATHOLOGY. 
The treatment of the obstruction may be regarded as empirical, for the conflicting 
theories of its causation indicate that the pathogenesis has not yet been definitely 
explained. 
It has been held that the hypertrophy is the result o spasm occurring after birth, 
since symptoms do not usually appear before the age of two or three weeks. It has been 
stated in support of this view that the degree of hypertrophy is in proportion to  the age 
of the patient ; but this statement has not been confirmed by all observers. It is hardly 
credible that the enormous increase in the pyloric muscle can occur in so short a time, 
while it is certain that pyloric spasm without hypertrophy can produce very similar sym- 
ptoms.1 Clinton Dent found an hypertrophied pylorus in a seven-months fetus,  and in 
the museum of the Royal College of Surgeons of England there is a typical specimen 
(Tcratnlogical Series No. 545.05) from a child who suffered from persistent vomiting from 
birth and died at the age of one week. It would seem, therefore, that  hypertrophy can be, 
and probably is, present at birth, although obstruction sufficient to produce symptoms 
The question as to  whether this congenital hhertrophy is a simple error of develop- 
nient or the result of intra-uterine spasm is more difficult to answer. In  support of the 
latter explanation, Tyrrell Gray and Pirie2 suggest a suprarenal - hypertrophy or hyper- 
secretion and consequent abnormal sympathetic action in early f e t a l  life, as the primary 
cause ; John Thomson3 argues in favour of intra-uterine derangement of thc local nervoiis 
mechanism of the pylorus, and points out that the fe tus  swallows liquor amnii, thus 
accounting for intra-uterine action of the sphincter ; while Haas4 describes the condition 
as a nianifestat.ivn of vagotonia. The theory of intrs-uterine spasm is supported by the 
limitation of the hypertrophy to the circular muscle of the sphincter. On the other hand, 
however, there are those who maintain that a simple aberration of development is the true 
explanation, and are not satisfied by any theory of spasm. Whatever the cause of the 
initial hypertrophy, it is clear that the lumen of the pyloric canal is not completely closed 
at birth in the majority of cases, and the reason of its ultimate partial or complete 
obstruction and of the consequent characteristic syniptoms is the subject of further 
discussion. 
Thomson3 suggests that  the continued growth of the muscle, limited on the outside 
by the peritoneal coat, takes pla.ce at the inside and encroaches on the lumen. Tyrrell 
Gray and Piric2 do not apply their theory of adrenal stimulation of the sympathetic to  
this stage of the condition, since the suprarenals are not found enlarged after birth ; they 
9 
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suggcst qome other source of irritation of the sympathetic, especially a tight or adherent 
prepuce, and also a derangement of the chemical control of the pyloric mechanism due 
to  pancreatic insufficiency. In  this connection I may state that  while I have confirmed 
from post-mortem examination that the suprarenals are apparently normal in these 
infants, both to  the naked eye and under the microscope, I have found the pancreas also 
to  be normal in size, appcarance, and histology; and in the male patients that I have 
seen, the prepuce has either been loose and not adherent or already removed by circum- 
cision. Has+ carries his theory of vagotonia a step further, and considers that continued 
overaction of the vagus explains the obstruction. 
A possible explanation which may be put forward is that  the narrowing of the pyloric 
canal by congenital hypertrophy of the muscle produces slow emptying of the stomach, 
and stagnation of the contents ; this might easily be the stimulus required to set up 
gradually increasing contraction of thc already abnornial sphincter, especially since such 
spasm can occur in a pylorus with normal muscle ; further, edema could spread from the 
(mucous membrane of the stomach to  that of the pylorus, which is already thrown into 
folds, compressed by the muscle, and irritated by the forcing of food through the narrowed 
canal. In  cases operated upon or seen post niortem the pyloric mucous membrane is 
seen to  be thick and edematous, \* hile the fluid returned on washing out the stomach 
shows the presence of stale food and often excessive secretion of mucus. 
GENERAL PRINCIPLES OF TREATMENT. 
It should be remembered that the. main condition t o  be dealt with is star*n, 
and the problem to  be solved is how to give the infant sufficient nonrishment ; the 
methods which may be employed are either operative or non-operative. It is obvious 
that the ideal treatment is non-operative when this is possible, since, on account of their 
frequently wasted condition, the patients are not good subjects for operation ; there are 
also several possible post-operative complications which are responsible for a consider- 
able number of failures. Hut unfortunately non-operative treatment is by no means 
always successful, and in these cases surgery must be invoked to  hasten the starting of 
such feeding as is necessary for life and growth. 
Medical Treatment.-Since i t  is nearly impossible to  tell in any given case whether 
operation will be necessary or not, medical treatment should be tried in the first 
instance; for this reason a brief review of the various non-operative measures will 
be given. The object of medical treatment is so to diminish the contraction and edema 
of the pyloriis as to  allow the canal to  revert to the partially patent state prescnt at birth ; 
in this way food, in a reduced quantity a t  least, can pass, and may be sufficient to main- 
tain life and permit growth in a varying degree. If this ideal is attained and maintained, 
i t  is thought that  absolute growth of the pylorus will cause the lumen, after prolonged 
and careful treatment, to  become large enoiigh for stagnation and spasm to cea.se and a 
cure to  result. 
Until recent years medical treatment consisted only in feeding in small amounts a t  
short intervals, combined with regular and- frequent^ . w a i n ?  oiit. of t l ~  - . By 
these means it is hoped to prevent over-filling of the stomach and consequent stagnation, 
and to reduce, when present, the inflamed and swollen condition of the mucolls 
membrane. 
with very unsatisfactory results. Recently two new medical methods have been described 
in the United Statcs. One consists in giving thick foods, and successful cases have 
been The second method is that  of 
Haas,4 who gives large doses of atropine in the food with a view to  inhibiting the action 
of the vagus ; he increases the dose to  as much as $c gr. in a day when necessary, and 
describes successful cases. I have seen a case in which this line of treatment was 
followed by cure, but in a case upon which I afterwards operated the patient showed signs 
of poisoning before a dose sufticicnt to  affect the symptoms was reached (Cuse 9). 
These medical methods of treatment are mentioned herc since, in the present state 
Many drugs have been tried, such as belladonna, opium, and coc& , but 
I have not seen this treatment applied. 
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of knowledge of the subject, it  is advisable in most cases that an  attempt be made 
to  avoid operation. It is not always easy to  be sure that the casc is not one of simple 
pyloric spasm, nor, in a case of true hypertrophy in which the pyloric tumour is distinctly 
felt, to clcterniine the relative importance of the structural and functional factors pro- 
ducing the obstruction as mentioned above. In cases of pure spasm, or in those in which 
the actual hypertrophy is slight but associated with much gastritis, medical means will 
produce iniprovenient which in favourable circumstances may progress steadily and result 
in cure. It is as well to  point out the fact, noted by many, that  a change in the method 
of feeding will often produce an improvement ; but in severe cases this is only temporary 
and is soon followed by a recurrence of symptoms. The important point is tha t  niediral 
treatment as a t  present known should not be prolonged in the absence of continued, even 
t,hongh slow, improvement, as shown by control of vomiting and especially by gain i L  
weight. The loss of weight occurring when unsuccessful nieasur;s- are persisted in, is a 
serious factor in determining a fatal result after an operation that may finally be found 
unavoidable. The time t o  be spent in medical treatment must be decided for every 
individual case, since i t  depends on the age and weight of the child, its appearancc, and 
kenera1 condition and propess ; a young child that, has not lost niuch weight when first 
seen, although not necessarily curable without operation, is obviously lcss in need of rapid 
relief of the obstruction than an older child severely wasted and exhausted by vomiting, 
to whom satisfactory feeding is an urgent necessity. Attempts have been made to fix 
an arbitrary time to  be spent in t,reatment on medical lines, but no such period can be 
given. I consider indications for surgical treatment to be present in the case of a child 
so wasted and exhausted that any more loss of weight is likely to  cause a fatal result 
should an operation have to be done later ; and also in the case of a child in whom non- 
operative methods do not at once relieve the vomiting and produce a continued gain in 
w m c o m p a t i b l e  with life and growth. 
Surgical Treatment.-In discussing the surgical treatment, it  must be remembered 
that, except in the rare cases operated upon in a very early stage, the objert in view is to  
feed the wasted infant so that i t  may recover from its marasmus. Thc object of an  
operation is merely to provide an outlet from the stomach so that this feeding can be 
carried out. The difficulties facing the surgeon lie in the extreme youth and unsatisfac- 
tory state of the patient, and the consequent suscept,ibility to shock. In  the choice of 
operation, therefore, two factors must be borne in mind : in the first place, an efficient 
communication must be established between the stomach and the intestine ; and secondly, 
in order to  avoid severe and even fatal shock, the operation should be one that can be 
done quickly and should entail the least possible exposure and handling of the abdominal 
contents. 
A brief review of the operations which have been adopted shows the superiority of 
Hammstedt’s method. Resection of the pylorus with either gastro-enterostoniy or dircct 
union of the divided stomach and duodenum is much too formidable. l’yloroplasty, 
which consists in dividing all the coats of the pylorus in the direction of the axis of the 
canal and suturing them at right angles to this, is, as I have found in two cases, very diffi- 
cult on account of the rigidity of the hypertrophied musclel and takes a relatively long 
time to  perform ; while, because of the distortion of part , the canal is not immediately 
patent. Other plastic operations present the same d liculties. Gastro-entcrostomy 
requires exposure and handling of more than one pa.rt of the alimentary canal, and the 
suturing takes an appreciable time. 
Thc mo<]ification of Loreta’s operation-in which metal dila.tors, introduced through 
an incision in t.he st.omach wall, are passed through the pylorus in increasing sizes until , 
the circular muscle is ruptured-is not  a short opera.tion, allowing thc time needed for the 
incision and suture of the stomach and for the necessarily slow and gentle passagc of 
the dilators. While it is undoubtedly true that the band of muscle actually cansing the 
constriction is ruptured, the situation and extent of this rupture is uncertain. 
Weber’sc extramucous pyloroplasty, as its name implies, is a plastic operation 
leaving the nincous nicmbmne untoiiched and involving the muscle only ; this procedure 
___ 
I_ 
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would appear to suffer from the same disadvantages as are mentioned in the case of the 
older form of pyloroplasty. 
Russell Coombe7 described an extramucous division of the muscle in the axis of the 
canal, the peritoneum being freed from the muscle and sutured over the gap, a detail of 
technique prolonging the operation and shown to be unnecessary by the results of 
Rammstedt’s method. 
RAMMSTEDTS OPERATION. 
History.-The operation of dividing the hypertrophied muscular coat in the axis 
of the pyloric canal, leaving the mucous membrane intact and using no sutures to close 
the gap, was first described by RammstedtJ in 1912. While attempting to perform the 
extramucous pyloroplasty of Weber, it was found that the sutures would not hold, and 
the patient’s condition prevcnting prolonged attempts to complete the operation, the 
incision in the muscle was left open. Recovery followed, and the possibility of leaving 
the muscular incision unsutured being thus proved. this was done deliberately in other 
cases. The operation was taken up extensively, with favourable results, in the Vnited 
States, and more recently in this country. It has the advantage of simple technique, 
rapidity, and exposure of the lcast possible amount of abdominal contents, since the 
pylorus itself and the adjacent part of the stomach are all that need be brought out of the 
wound. 
In a paper read before the Medical Society of London in February, 1919: I dis- 
cussed and compared the various operations, and attempted to show the superiority of 
Kammstedt’s operation; I have had other cases since that time, and describe here in 
detail the operative technique used and the observations made. 
Preparation for Operation.-Before the operation the limbs arc bandaged and a 
subcutaneous infusion of saline is given. The theatre and table are warmed, and all the 
usual nieasures are taken for the prevention of shock. Before starting the administra- 
tion of the anaesthetic, the stomach is washed out with a solution of bicarbonate of soda 
until the fluid is returned quite clear. This is done for several reasons : first, an empty 
stomach, or one containing only gas, is easier to handle than one distended with food; 
secondly, should an opening be made accidentally in the mucous membrane the risk of 
infection is lessened ; thirdly, on the re-establishment of the pyloric canal, stagnant food 
and mucus do not pass into the easily irritated intestine ; and finally, should regurgi- 
tation through the cesophagus occur during the operation, the danger of respiratory 
obstruction is diminished. In one of my cases (Case 6) breathing was stopped by a 
1)lug of mucus, and, although this was satisfactorily dealt with, the delay and necessary 
moving of the patient might have had serious results. Since this case a large tube 
(No. 14 English) has been used, so as to assure the removal of all food and mucus. 
Anaesthesia.-The anaesthetic is a matter of p e a t  importance. Although in the 
case of such weak and wasted patients the temptation to maintain a light degree of anm- 
thesia is certainly present, it must be resisted, since deep anaesthesia is necessary to 
prevent shock and also to avoid straining and protrusion of omentum or viscera. which, 
should it occur, will increase the shock and delay the operation, the replacement of such 
w protrusion being often dificult, especially in the case of thin and wasted omentum. In 
my cases open ether has been used ; its stimulant effect is of value, while, if induction is 
very gradual. the respiratory complications are avoided. I have not done the operation 
under local anzsthesia. and should hesitate to do so, since straining and its important 
results, as nientioned aboye, rould not be prevented with certainty. I have not used 
spinal anaesthesia, which would have to be a t  a very high level in view of the part of 
the abdomen dealt with. 
I am indebted to Mr. F. D. Bennett and Dr. Howard Jones for their help and advice 
on the subject of the anresthesia. 
Operative Technique.-The incision of the abdominal wall is that employed by 
Purr. Rurghard in his modification of Loreta’s operation. It is from 1i  inches to l$ inches 
in length, in the middle line, extending downwards from the tip of the ensiform cartilage. 
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It is small and therefore quickly closed, since only the pylorus need be brought out of the 
wound ; i t  is in the middle line so as to avoid hzemorrhage, and to  reduce the layers of 
sutiiring in the process of closure ; and i t  is placed as high as possible so that the large 
liver of the infant, which is rotated upwards t o  
expose the stomach, can, at the end of the operation, 
fall back into its natural position, fill the wound, 
and so help to  prevent protrusion of abdominal 
contents. As soon as the abdominal cavity is opened 
it is as well to  secure the cut edges of peritoneum 
before they retract, and thus avoid delay when the 
time for closure comes (Fig. 250).  When the lower 
edge of the liver has been hooked upwards, the 
stomach appears in the wound ; the diagnosis having 
been confirmed by feeling the pyloric tiimour with 
a finger introduced into the abdomen, this tumour 
is brought out of the wound ; in some cases i t  can 
be hooked up by the examining finger; in others, 
pushing the stomach backwards and to the left may cause i t  to  present; or, in the 
case of a greatly dilated stomach, it may be necessary to  exert gentle traction upon 
~ , l ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~  n ~ f ~ ~ ~ c h  L~~ ~ 
below. h r v e p s  on perit'oneal edges. 
FIG. ?5l.-Stiows pylorus held by left hsnd aurl 
incision begun. 
FIG. 2;2.-Incision deepened. Nucous meinbraire 
exposed in middle. 
the exposed part of this organ and so bring the tuniour within reach. The pylorus being 
delivered, the extent of the hypertrophy is carefully defined by palpation, and, with thc 
tumour held firmly in the left hand, a longi- 
tudinal incision is made upon its anterior surface 
in the relatively bloodless area lying between 
the terminal branches of the vessels running 
along its upper and lower borders (Fig. 251). 
The incision should divide the whole of the 
hypertrophied muscle ; it  should be deepened 
carefiilly at first in the middle or thickest part, 
the left hand drawing apart the edges of the 
incision nntil the deepest part of the muszle is 
divided and retracts, exposing the thick white 
mucous membrane, which at once protrudes 
(Fig. 252) .  The incision is then prolonged 
towards the stomach and duodenum until all 
the thickened muscle is divided. Great care 
membrane, especially at the duodenal end of the 
incision, since here the hypertrophy ends abruptly and protrudes into the lumen of the 
intestine, producing a cul-de-sac of duodenal mucous membrane which may easily be 
F,c. 2 5 3 . ~ ~ ~ l l c i h i o n  cou,l,leteil. nIxrfiills separated hy 
left hand. Stomirch compressed by right hand. must be taken not t o  wound the mucolls 
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injured. When the muscle has been completely divided, the edges of the incision retract 
and the redundant mucous membrane bulges freely into the gap. Hemorrhage in the 
form of oozing may occur, especially at the end of the incision which encroaches on the 
stomach; this can usually be controlled by hot sponging, but if, as sometimes occurs, 
a definite bleeding point is responsible, i t  should be under-run and ligatured with fine 
catgut. The patency of the canal may be tested by gently squeezing the stomach, and 
this precaution also serves to demonstrate the absence of macroscopic perforation of the 
mucous membrane (Fig.  253). The pylorus is now returned to  the abdomen, and the liver 
allowed to  fall into place. The closure of the abdominal wound is begun at t,he lower 
end, since i t  is here that protrusion of abdominal contents is most likely to occur ; a 
continuous suture of fine silk closes the peritoneum and aponeurosis in one layer, and 
a continuous blanket suture of silk or fishing-gut is used for the skin. Dressings having 
been applied, the patient is returned to  a warm bed, saline with brandy is given per 
rcctum, and feeding is begun as soon as possible. 
Anatomical Results.-The immediate anatomical result of this operation consists 
in division of the constricting band of hypertrophied muscle, which a t  once retracts and 
frees the redundant and compressed 
tribe of mucous mcmbrane, the 
lumen of the latter being ample 
for the passage of food. As regards 
more remote changes, I have ex- 
amined four stomachs at varying 
intervals after Rammstedt's opera- 
tion, and the facts noted help to  
demonstrate the process of repair 
and the ultimate local result. 
I n  the case of a patient (Case 6) 
who died of hyperpyrexia twenty- 
six hours after operation, the pyloric 
canal was patent and the stomach 
not distended, although food had 
been given a t  regular and frequent 
intervals, and vomiting had been 
insignificant. The edges of the 
incision in the muscle were widely 
FIG. ? 5  I.-Stomach 17 diiys aftcr lliimimstedt's o!ieratiori. separated, and the niucous mem- 
(Satirrnl size. )  brane was not compressed ; the 
exposed area of mucous membrane 
filling the wound was intact and covered by a layer of firm blood-clot + inch in thick- 
ness ; there was no hemorrhage into the abdominal cavity, and no sign of adhesions 
or of peritonitis. 
In  the case of a patient dead on the seventh day from no apparent cause except 
failure to  assimilate, the stomach was not dilated and the pylorus was patent. The 
margins of the wound in the muscle were widely retracted, the mucous membrane 
uncompressed and covered, in the gap, by a layer of organizing lymph; there was 
no sign of adhesion, peritonitis, or hzmorrhage. 
I n  the case of a patient dead of diarrhaea on t.he seventeenth day, the pylorus was 
patent and the stomach not distended. The layer of lymph covering the exposed mllcous 
membrane was now organized, blended with the cut edges of the muscle, and Fartly 
covered by peritoneum. This specimen (Fig. 254) is now in 
t,he museum of St. Rartholomew's Hospital (Xo. 1907.A.5.). 
I n  the case of a patient dead of diarrhma and vomiting after four and a half weeks, 
the changes were similar to  those found in the last specimen, but the edges of the 
cut muscle were less distinct and more completely blended with the surface of the gap. 
The lumen of the pylorus was patent. A microscopical section of this specimen cut a t  
There were no adhesions. 
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right angles to the axis.of the canal shows the thickened muscle ending in a rounded edge 
on each side of the gap ; these muscular edges are united across the gap by a thin and 
loose layer of fibrous tissue. The mucous membrane shows longitudinal folds, but is 
unconstricted, and the lumen of the canal is patent (Pie.  255).  
I have not seen any specimen of a stomach after a longer interval than in the last 
case, but Ransohoff and Wo01ley~~ describe a case dead from other causes five and a half 
months after Rammstedt’s operation, and state that  the muscle was of normal thickness, 
while in the site of the incision was a shallow linear depression. The bottom of this groove 
was shown on a microscopical section to be connected to  the submucous coat by a band 
of fibrous tissue ; the pyloric canal was patent and the stomach not dilated. 
After-treatment.-The immediate results of the operation having been overcome, 
the subsequent after-treatment has for its object the feeding of the patient and recovery 
from marasmus. In  most of my cases this has been carried on under the supervision of 
Dr. Cautley. As soon as the effect of the anxstlietic has passed off, a weak preparation 
of Horlick’s malted milk is given in feeds 
of 1 drachm every quarter of an hour, 
brandy being added until the colour and 
pulse are satisfactory. After twelve hours 
the quantity and interval are doubled, 
and so on until after thirty-six hours the 
patient is t.aking an ounce hourly. The 
food is gradually increased in strength 
and quantity according to the needs and 
progress of the patient, great care being 
taken to  avoid sudden increase or over- 
feeding in view of the ease with which 
the intestines are deranged and diarrhea 
produced. During the first week the 
patient may gain in weight or remain 
stationary, but after this interval a steady 
and continuous gain should occur, and 
the appearance of the child should alter 
from that of severe marasmus until it 
becomes a healthy though, a t  first, small 
infant, the drawn and sunken features 
being the first sign to  disappear. 
Complications.-What has just been 
described is the progress and cure of a 
FIG. ?55.-Trans\.eme cect,ion through pylorus 4; weeks 
after operation. The diyided miifcle is widfly separated, 
the lunieri lark?, and t!ie gap in muscle becoming rc!)l:iced 
successful case : unfortunatelv there are b y  iibrous tissue. 
certain important complications which 
may occur in the post-operative period, and  any of these may bring about a fatal result, 
even though the primary object of providing an  outlet from the stomach has been 
achieved. 
Shock--=ls has already been pointed out, the operation under discussion is especially 
valuable in avoiding shock, on account of its short duration and of the small amount of 
manipulation required ; I have not had a case in which shock was severe or in which such 
shock as was present was not readily overcome by the usual simple methods. 
IIcernorrhage.-Although in none of my cases has there been hemorrhage sufficient 
to  cause symptoms, this complication is sometimes a cause of death, blood being found 
post mortem in the peritoneal cavity in considerable quantity. The main arteries 
involved are the py&ic I and right gastro;_epiploic vessls which run along the upper and 
lower borders respectively of the pyIo<us ; these vessels send branches to  the pylorus, 
some to  the anterior and some to  the posterior surface ; and in front where the incision 
is made there is an intermediate space between the terminations of the upper and lower 
groups of branches where the muscle contains no important vessel and is relatively 
-. 
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bloodless ; as the pylorus merges into the stomach the vessels become larger and more 
numerous. Wishing to demonstrate this bloodless area, I injected the a.bdomina1 
arteries of a fcetiis through the aorta with a suspension of red lead and removed the 
stomach, of which skiagrams were taken for me by Mr. H. T. George (Pig. 256) ; 
these plates show clearly the distribution of the vessels and the bloodless area to 
which I have referred, and I consider i t  important to divide the pyloric muscle in 
this situation. 
Peritonitis.-Peritonitis is a complication which I have not as yet met, but i t  has 
been described. It might of course be due to some fault of asepsis ; but in the absence 
of this, infection from the interior of the pylorus is the probable cause. Whether infec- 
tion can spread through the unprotected but intact mucous membrane is open to question, 
but the early covering of the bare area by blood-clot, as seen post mortem, renders it 
unlikely, and the same would apply to a microscopic injury of 
the mucous membrane. A macroscopic wound was demonstrated 
by a bubble on squeezing the stomach in one of my cases ; 
this was closed by a fine catgut suture, and no unfavourable 
symptom followed, a result tending to justify the confidence 
just expressed in the efficacy of the protecting clot. Such a 
wound of the mucous membrane, if undetected and left open, 
could easily allow leakage, and should therefore be looked for 
with great care, especially a t  the duodenal end of the incision 
where the danger is greatest. 
Diarrhaa. - Diarrhoea, sooner or later accompanied by 
vomiting, is iinfortunately not infrequent, and may easily be 
fatal. Once established, the prognosis of the case is extremely 
grave, especially when the complication arises soon after the 
~ ~ r ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~  operation before the patient’s general condition has had time 
arterics. A, Cmliac axis B, to improve. It is therefore of great importance that the con- 
Hepatic artery. C ,  1’:doric 
artery. , c+astroduodenal dition be prevented, and that the factors causing it be eliminated 
artery. E, S t o m d i  F, as far as possible. In my opinion there are two factors respon- 
Pplorus. G ,  Right gestro- 
epiploic artery. sible for the onset of diarrhoea. The intestine of such an infant 
in its short life before the operation has not exercised its full 
normal function, since normal quantities of food have not passed out of the stomach, 
and i t  seems reasonable to suppose that the intestinal mucous membrane is more suscep- 
tible to irritation than in the case of a normal infant, and has acquired very little 
immunity to the cause of infective diarrhoea. Added to this predisposing susceptibility, 
irritation itsFlf acts as an exciting cause, and the question of the origin of such 
irritation therefore arises. 
In those’cases in which obstruction of the pylorus is not complete, instead of the 
classical constipation, slight diarrhoea may be present before operation, the stools being 
green and liquid, although small in size and containing little food ; this condition can be 
explained by spread of inflammation from the gastric mucous membrane to the intes- 
tine. In such a case the additional quantity of food passing through the pylorus after 
operation may not be dealt wit,h normally, and diarrhoea may become severe. In one 
of my cases (Case 10) in which such incomplete obstruction existed, the operation stopped 
the vomiting, and the child did well till the fourth day, when the temperature rose 
suddenly and a large green stool was the bcginning of continued diarrhea accompanied 
by vomiting and leading to exhaustion and dcath on the seventh day. When even 
slight diarrhoea is present before the operation, i t  is very dificult to treat, since the 
child is not fit to be deprived of food, and the constricted pylorus maintains the unsatis- 
factory state of the stomach and prevents efficient administration of drugs. In such a 
case the stomach should be treated by thorough washing out, and the greatest possible 
caution exercised in feeding both before and after the operation. With a view to finding 
whether there is present in the stomach contents before operation any abnormal micro- 
organism which might be responsible for the intestinal infection, Dr. M. H. Gordon has 
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examined for me the washings from such a stomach and has found only the Sireptococcus 
salivarius, an organism which is also found in the stomach of a normal infant. 
In  those cases in which there is no diarrhoea present before operation I consider the 
complication, when it arises, to  be due to  infection from without. It occurs much more 
frequently in hospital, where patients-usually in a more serious condition when first 
seen-are in wards with other infants, than in private cases where they can be completely 
isolated. As an example, I may quote one of my cases (Case 9), which fortunately was 
a succcss in the end, in which the patient suffered during convalescence from three attacks 
of diarrhma, each coinciding with the admission to  the ward of a case of acute diarrhea 
and vomiting. 
As regards prevention, breast feeding suggests itself as the obviously ideal method 
of post-operative treatment. Unfortunately this is usually impossible, since various 
artificial foods have already been tried in most cases, and the mother's milk is no longer 
available. One has, therefore, to  be content with isolating the child as far as possible 
and paying the most scrupulous attention t o  the preparation of the food and t o  the care 
of utensils. Should diarrhuea start, in spite of precautions, general methods of treatment 
must be adopted ; but unfortunately these are frequently unsuccessful. 
Post-operative Feuer.-Another complication which niay cause a fatal result is hvper- 
p ~ .  It has been noted that in cases operated 
upon by Ramnistedt's method the temperature a t  
once rises sharply, usually not higher than 101' to  
1 0 3 O ,  and falls again in from twenty-four t o  forty-eight 
hours. Sometimes, how- 
ever, the fever is much 
higher, reaching 107' or 
108", and cannot be re- 
duced even by vigorous 
treatment, so that death 
follows rapidly. 
b 
FIG.  2. j i .  
Y '  - 
1"G. 239. 
It is well known that the heat-regulatine; mechanism of infants is easily disturbed, 
and tha t  this instability is increased in undeveloped, wasted, or exhausted patients. One 
would alw expect that the susceptibility to irregular temperature would be in proportion 
to thc degree of wasting and exhaustion present. A partial explanation offers itself in 
the lack of body Huids and consequent diminished perspiration. In  all my cases, with 
the exception of one to  be mentioned later, a post-operative rise of temperature occurred 
(Figs. 257 and 258) ; this was not excessive, soon fell, and had no unfavourable result except 
in one case (Case 6) in which, in spite of energetic measures, the temperature rose to  1 0 8 O  
and the child died in convulsions twenty-six hours after operation (Fig. 259). This infant 
was much older than my other patients, being sixteen weeks of age, having been under 
medical treatment for seven weeks and weighing only 7 lb. a t  the time of operation. 
I consider that  in these wasted infants, so susceptible to  irregular fever, the same 
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factor is responsible for the onset of pyrexia as for diarrhoea, when tha.t coniplication 
occurs. The intestine is unused to food, and its resistance to extraneous substances such 
as food, and its absorptive powers, are not normal ; thus i t  seems possible that the sudden 
influx of food in an unaccustomed quantity may, by local irritation and abnormal absorp- 
tion, initiate a rise of temperature which can easily become uncontrollable on account 
of the unsatisfactory general state of the patient. In  my Case 8 there was no post- 
operative rise of temperature, but symptoms were not relieved, vomiting continued, 
and the child did not improve ; on the fifth day the abdomen was re-opened and, as will 
bc described later, the obstruct.ion was found to be unreIieved. A more satisfactory 
incision was made in the pylorus, and the abdomen closed ; symptoms ceased, and the child 
recovered ; but the interesting point is that after the second operation the typical rise of 
teniperatnre occurred (Fig. 2RO). This case, if it  does not prove the theory given above, 
at  least suggests that the passage of food into the intestine has some influence on the 
post-operative temperature. 
Regarding the treatment of post-operativc fcver, in ordinary cases nothing is necessary 
except to prevent too great a rise by giving sufficient air and plenty of fluid, and to see 
that the child is not too heavily covered. 
In cases in which the temperature rises to 
104" or more, sponging, ice to the head, 
and enemata of iced water should be tried : 
but hyperpyrexia, when once established, 
is a stubborn and usually fatal condition. 
The two complications just described, 
diarrhea and high fever, are the most fre- 
quent causes of death after Rammstedt's 
operation, and have therefore been dis- 
cussed in detail. As will be seen, I con- 
sider both to be due primarily to the 
atrophied condition of the intestine conse- 
quent upon partial or complete starvation ; 
the longer such starvation has continued 
the greater the risk, arid this is one of the 
main reasons for urging that no time be 
lost before undertaking surgical treatment 
in those cases in which medical methods 
do not show early signs of success. 
_ . -  
Recurrence oj' Symptoms.--h final complication that must be mentioned is recurrence 
of symptoms due to insufficient division of the constricting mnscular band. It is sus- 
pected if typical vomiting docs not cease immediately after the operation ; a few small 
vomits after the anaxthetic may occur and, as in any baby, small regurgitations may be 
frequent ; also vomiting may take place on moving the patient, or after an increase in 
feeding; but there should be no large projectile vomits of collected food. Should such 
occur and continue, it is probable that some part of the constriction still exists and, while 
washing out may be tried for a short time, a second operation should not be delayed. 
Tyrrell Gray2 describes a case in which a constriction a t  the gastric end of the pyloric 
incision was responsible for continued symptoms. Cases hare occurred in which only 
the middle of the muscular band was divided, leaving a constriction a t  each end between 
which the mucous membrane bulged like a hernia. In my own Case 8, already men- 
tioned, the second operation showed that the edges of the incision in the muscle had met 
and were united by organizing lymph ; fortunately, re-opening and lengthening of the 
original incision resulted in cure. I am unable to explain what had happened in my 
case of recurrence ; the muscle usually retracts widely and the mucous membrane bulges 
freely, and a t  the first operation nothing unusual was noticed : possibly some fibres a t  
the bottom of the incision and part of the constricting band a t  its ends w-ere not divided ; 
the child was only tlirce weeks old, not greatly wasted, and the undivided fibres may 
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have bcen sufficient to bring the edges of the incision near enough to each other for union 
to have taken place. Great attention should be paid, therefore, to complete division of 
the hypertrophied band of muscle a t  its extremities and a t  its deepest part ; further, the 
muscle should be separated, by blunt dissection at  each side of the incision, from the 
underlying mucous membrane, ensuring the bulging of the latter into the gap. 
The table on page 407 comprises the ten cases iipon which this paper is based. Five 
died, but none were fatal from the shock which was a frequent termination after the older 
operations. Although the total number is small, the 50 per cent mortality is a reduction 
on the usual older figures, and it is hoped that the frequency of success will increase as 
the cause and means of prevention of serious complications become better known. 
The details of technique and the various post-operative complications of Rammstedt’s 
operation have now been discussed, and it is seen that although the operation itself is 
simple, and attains its object of re-establishing the pyloric canal without a t  once killing 
the patient, these complications are of a serious nature, and, until they are thoroughly 
understood and methods for their avoidance and cure discovered, the final mortality of 
the procedure will not be as low as could be desired, although it  already shows a great 
improvement on that of the earlier methods of surgical treatment in most hands. 
As has already been said, medical treatment would be the ideal, but the very diver- 
sity of opinions and theories regarding the cause and treatment of the condition shows 
that these are not yet clear. In  each case different factors predominate, and it is only 
by collecting all the facts and opinions that in time the true explanation will emerge ; it 
is partly in the hope of adding something, however little, to the knowledge of the subjcct 
that the observations and views contained in this paper are put forward. 
But while waiting for the ideal treatment to be discovered, patients suffering from 
congenital pyloric stenosis must be treated by the methods we already possess, and a 
certain varying proportion will require operation. The chief object therefore of this 
paper is once more to express the opinion that Rammstedt’s is the operation of choice, 
and that its performance should not be delayed, for the reasons given above, in cases in 
which medical treatment is unsuccersful ; and also to give the writer’s personal experi- 
ence of the operation from all aspects in the hope that it may be of some value to others. 
and possibly add to the general knowledge of a procedure which has its undoubted lalue 
as part of a large and interesting subject. 
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